





SPEEDOMAX TYPE G RECORDERS 
MODEL S 60000 SERIES 


SS a 


— Dens: " v - - = L UU 
ULL 
UU 


LUTT 




















DUUE 
UT 
LULU] 
LULU] 
LULU 









ULU 
VALA 
RARA OR LLOC da 














LUTT 
UU 
QL] 
UU 
VALUE 
UU 


UU 
. Se THEE OHHH EERE EEE HESS OO 











OOOO OOOO A 
LLTO reee 
a rr rr ee 
OOOO ONO OOOO 99 99 99 999 9 5 
yero Veeseceoveceecneneposoe0000090 9999990949992 9909 
vee LULU OO 99 e 999 99 99 

P eecolicroeesocveceoceseeooeveeconeeeees AA 
eee Pr OO A 
eee Pr rr ree 
CEDO OS OI rr OCO OO RA 
LOULL II oe o oo o qo s p e 
ORO OOOO OI O O O OO OS 0999995099 99999999 
OO OO OO AO 
Porn O OO OO ER i0 CU 9699999 9997 
PEPPERS PODA 
DO OOOO 

eee weeepeteseetevosteees OO OI cree 
$eestasvquépusecedostooqe»veoos eed 009002999999 999 9999999 94 
cvs o de E ODO ROSA 
erre 7 © SAO 
POD OOOO OOOO 
eveseososeoseveesevereoeessseoeue os s o0 0999 0 92 9999 9 0€ 
e... geeveseeceoeeseseeceees sene sae eoe e 9 o0 9 9 5 9 2 9 0 
ve e e e e PROD COCO OCO LELLO LLC LLC vo o O en 
Bor (Pr rro rre 

oe 0*esoossosesecocsoceecceteooseotee es 099999999 69 
"eeseovoseeeecedesceceseeeesesdeeee s c0 0 09 0 999 9 99 9 
eee eee SORDOS OOOO 95 9 9 49 9 9 9 o 
weessessssoeseseeoveesesesesescevsvetees ee s s n o s nn 
0«90esd090e00v6000099909999999999 9924999 99 099 9 V9 0 9 
DEDO OO O OO OO ees esses es e se s e e o ss 
vesceeoseveseocceseocvegseeseeset 0960999999999 0909999 9 9 
OOOO OOOO OO OO OS 99996929999 9 9 99 9 
w*eesosooveceoseetenenseneseseos sos us vos e oo o qo e o V 
*«00c0060909000€0600090990999999 9099999 0996 69 6 9 99 
DECO COCOROSIE 5999 09 99 
Pr rr OI OO os 090 9 06999 49 4 v 0 9 9 95 v 
DOE ii, «e'e ae eee O OO O O DO COLE Y EY PEPPER 
peecosospeovesseeoetsss09090909999999994999 999 9 9 2 5 9 0 9 
... (Pr rre 
Bos Pr s ee 90 52 0 990 
























































COROADO wee ere TO O ORAL ER UE O CRU O na O nn RU O ro A. 
DEI 
PORCA na De a HEH en ddd 














DOE OO OOOO OOO AAA 
pemevsesessetusessossesssceoeceseooeneoeeeoseeueeeeeeeeee n 
geesossossoseeeessveeeescsoceceteeeevoreeeeseeeeevee voe 
TOO eee eee eee eee eee H EOE HEHE SEEDER EEE E SESE D EE EE DEEDES 
rro...» orrrrprrrr9n.. rro... ss 
CR ORO OOO O OOOO OOOO OOOO DOOR 
RR OO OE 








Meresesostosossnsesessoecseoeseneoeseseswes 
vtetosssssescooveeceveceeseoovsecsooeeeneeeeee 
FTO eRe sanar eee nessa sanear a san sn pa na asa 
nr eee a sereno sas dd 
SOCOS TE 
CORRER Oro a eres Assar na san ns a sa 0 oo 
et eee ree eee no eee eee e cara aros sa nan so 044 
Ceres orar nn ane r ans asas as ssa nan as 
Fee e canas ore sonar art aerea o so nos sas 
Hee eee seen na ane susana sra sa ssa sa nas ns 
eeeeeesesesenesemesoveóneeeeesmvemieeoeeosees 
wrasestososssossecevecwecseneot.eoneeusoeeveveee 
PORCA O RO COR or AU oe nora ns a a na ooo 
EO dA 
nro Dera OO a ove 
Sete TRC ewer eseseesersereereseseseseseeeres 
Tee eee eee ewe nesses rar sons nen an asa nas 
THe eee Ca ne care o onerar ess na non na 444 
wwresnesssmoseueessecoecsoseneneceeseeeesusee 
wrroosesesoswecsveecvesecepecoseoeeeoeeenesee 
w*teesesossovsossseccsesooenoteneseeeeeoeeee 
rr rr rr rr rr rr pr sr rr rss 





























FORO ODO ODO OOOO OOOO DOE 
ARO O ROO ODO DO OD OOOO OOO NIE RA 











Pr... a sees eee Heese seen eeeeeeseesetebeeetebESS Eee 
THOR meee eee seer OOO AAA 
PROCR ear na eee e Heese as sacas sena ssa nan na nan a nana sos 
COM UR O ODOR A E a o RU se san na san as o vss ess e 





DXX 


ans rrrsmnooocon..s$ 2...» 
nro a as essa rasas an ssa san 04 
AR des ean KERER Rp DO KRK T.K nes K KR PIE TATA E ePi 


UUE 





ULU 
Atte A AGS O LU E C NAAA ANA > 
UU 
UIT 
Tete ee ewes eee ewes ee eee es eeeseeseeee 
WLO OOO dO 
VLO o Os CO SOU A 6604 





RDI RR DR II ITOE A DR RT STO NOIR DA X GC HIL ALLE | 
DOCES OO Un a ass ddd XENA A RIA A A RR OO RS 
TPC OOOOH HEH na esa a rr anne nara sacarose nro nana sa sao aa VELO ANS O I REY SORTE AE Doe RAR SS LOUK RS AA ESSE VCL C RATA LAM Za 
LULU O A RD RS 
ULU ARONA SNA IRA RS ALK A AN CARDO AAA A IA AE ROGO $e b» o 9i 09 0 000 C9» V 9 
CORRS A eee eee eee HEE ses URU E rasa nn san sa nan an a a e SS Y AS DA EU OUS IA OE LAA 2 P ere Sb Ae LR S SA ARENA OOOO OO EE 9 vU Pie v0 999 a, A 
Oem ere eee seer eee eres One sa ar sera ssa sara ano san are so sr o ne LLLE DR O O OOOO SONO SE 
RE C Qua EDU DE ER VA RE TA RE DO LE P E .. PA I DARAS OA O OE Ferd evo ARCO OSO OSEA TTA pa IIA 
nn ne eee ee a O asas na sa sa sas usa nan sn nn ana nn a Es ® ER RT OE E A A OOO ÃO 
[Perenenene nene nano rena nana ne sas senta a nan sons asa nao nas EDS VT NOTE E CEN ALR WO OO X OC OLI OOOO MAR PO CER LEE A RM ALL y Y vele é LAA ALO 

VALOO MT AEREO ON dd DO DA abe L AE R N Y Ey ek Pe ee O s AAN Co APARATO SAR AS LUE SI 
rr rr rn rr rr rr rr rr rr rr rr rr rr rr rss 


DXX 


wetresssestosovvecscesosevesveneseeseee 
Pi Ghd ARE GTO A OLOR Oe VERUS qOR 269540029 Rt 96» A45 Mis QUE 
neuter aded Bas eun dM 0 45 od NR «5 9.201219 9 se a 6 AAA EAT a men whey 
AY TA A he RADARES ET dq V3 RETRO TLM IS A rA d E MO ALS CR 
COMP asa raso ro nor casa so sn ore ns o san ca eoe 
SOOO ARS AAA DA AOS O LER N Na webs CORE Pi ado o IIA ANA É 


PETER esa nene ant HE OHHH ne sa saca sena ssa ssa sas sn nan ss 


POCO meee eee os sense rr er Ra a sensor raras sarna na sa nu sapo ASADAS e OO A OOO ARRE AAA AA oe 
OA 








orrrrrrrrr rr rro rr corno»... 


ADAN T AOE E WE 99 4 0 0/9 AO da EA 


DUUE ddd 
RR RO OOO ROO DOOR OCL oC or na ss pos tse ves 
CEEE EEE ERR 
Few eaten sense na ass 








CORO eee encare arena anne ns sn sn ss sos ss 04 0 
Parr terror serra asa tasas assa rasas 
SOCO IE E 
Cerne sanar crer caras sa sara rs sa sa ss 
rr rr renas sanear sanear pesa sans rena pe 
na onanoos.o.m...2»”.9.on...2.n.oss o 












OO OSO OOO nu na san on so bee eee ee ee e 
CCC 000 0.0 80005010 XC FO Od HE Y OC 6.60 Be rie ee BOs A AS ARARAS CERTA y ry COPEL CL EE Vo, oom SO 
te eee Or sese soe san sen se sess 60 es ees eet ss 0 6 e 6 5 + 6 eee un e 6 6 0 5 n e se LEX d Y 

n eloa o e ee ee aeee e e ea e ee e e o e a e r 







CONTENTS 








Section Page 
INTRODUCTION 
PARTI 
PREPARE RECORDER FOR SERVICE 
lL. Recorder, Mount Phe... <isccceas er 5 
2. Tags Attached To Recorder .......... wee ewes s 5 
3. Standard Cell, Precautions For....... 243 eas ica. 5 
4. Chart Assembly, Swing Out. .......... Lua d * x. 6 
S5. Chart, Install... . cc. Ce ce 0 a. 6 
6. Operating Mechanism Ascom Sone Qut; os. 9 
T. Inking Device, Prepare . «>». «a» ++ RR oe eee Y 
| A. Pen (Curve Drawing Recorders). c ces aca 9 
B. Pen (Dot-Dash Recorders). . . . . .. sace du e ID | 
C. Ink Pads — -Point Recorders) . cs ana dl | 
B8. Dry Gell, install. ......... à c xs ow M MN E —— e | 
O T ..-. 229. n es 522524 - 4 2 1 I MEE $3441 | 
10. Wiring Connections. < ........ és «c n ee v.d. Fe 
HI. LAIR Cation, PCG) .4 «5.4.4343 (e a a A ee 





12. Sensitivity And Damping Adjustments. ............. 12 

13. Potentiometer Circuit, Adjust Current Of ......... . . 13 
A. With Automatic Current Adjuster ............. 13 ^ | 
B. With Semi-Automatic Current Adjuster .........13 

14. Control Discs And Contacts (Exposed Type), 


Check And Set... css seee e ccnn e n n 14 
15. Control Discs And Contacts (Enclosed Type), 
Check And Set... ... ee ee eee ee ee nne 15 
PART II 
MAINTENANCE UNDER NORMAL OPERATING CONDITIONS 
tê. Chart. Baal Mew. circo: BRR NU T... 16 
IT. Pen, Bel doca ja M serrer t] 16 
I8. Pads, Re-Ink TBe...... co cx m B. (2s. 7 
Aoc T i.e. Ce sc. RR 
B. Wr o c1 A o kt ee 
19; Ink Pads, Install NeW... o.s.: no oin ees cs a L 17 : 
A. Unica... c ie. <> Í 
Be Multicolor. issar. scene Cs o 18 
20. Cleaning And Lale cating cs E CC a Eu... ++ A 18 
A. Every Month ......+.».. c4 O 6 69 25 2) E 
B. Every Two Months . . s . . s s ES e. e n o on 2224 T 
C. Every Four Months. . .. . . . . rs D. cs «AN 


D. Every Eight Months ...+.o.oo.ooooo.co. oo.» 

21. Motor Bearings, Care Of... ...ccccc coca cc... 
- Lubrication. ....... 449255222 i 

. Paper Drive Motor Bearings, Install... ss ss e s 

. Balancing Motor Bearings, Install. .......o... 
. Bearings, Clean And Repack. - <s ss ou 1 


coU» 














CONTENTS 
Section Page 


PART II (Cont'd.) 
MAINTENANCE UNDER NORMAL OPERATING CONDITIONS 
MAINTENANCE UNDER NORMAL OPERATING CONDITIONS 


22. Current Of Potentiometer Circuit, Check And ERT e 6 26 
A. With Automatic Current Adjuster ............ . 2h 
b. With Semi-Automatic Current Adjuster .........26 
29. Dry Gell, Rene. 2... vss ROGO £2 4. ee ee E 
A. For Potentiometer Type Measuring Circuit. ....... 27 
B. For Resistance Type Measuring Circuit. ........27 


PART III 
MAINTENANCE UNDER UNUSUAL CONDITIONS 
24. Pen, Clean The. > ss DESA Rr A A Rs IE 28 
£9. ren, Install fen a se SAI 20 
246. Pen Carrega AM sa A CD 
21. Print Wheel, Clean The Type On ........ PESCA A M 
20. Print Wheel Corrige ino. a ES 
29. Violin String, Install New..... A PR. ee « m 
A. For Pen Or Print Wie... 39... vs CA oy 29 
B. For Contact Setting Device. ...... ES E ae no. 31 
30. Main Slidewire, Remove... ..... sé (Ra RU i d 33 
> 31. Contacts On Main Slidewire, Install New........... «4 
| o IO v. 739254 «C. EEN E E Ee es. 34 
Peer eee Oration , 2. aa aaa aa 25 
EM Pena ssa re SEE e 35 
E Mentiomneter Type Circuit... ..... 0. V. S X 36 
BER Rer ance Type Circuit o... oW 37 
34. Printing And SwitchMechanism, Adjust In Proper 
Relation To Current Adjuster Mechanism ....... Kew ST 
35. Selector Switch, Adjust In Proper Relation To 
Pe NRBESL.........-.. AS ERE 4x AN 
PART IV 


GENERAL FEATURES 


36. Contact Setting Device, Operation Of ............ . . 40 
37. Automatic Current Adjuster, Operation Of. Lo. 1 
38. Dot-Dash Mechanism, Operation Of .......... .....43 
39. Multiple-Point Mechanism, Operation Of. ssri <.. 14 
40. Control Discs And Contacts (Exposed Type), 


Adjustment Of 5, ne oA Soo os 48 
41. Control Discs And Contacts (Enclosed Type), 

Adjustment Of .. cs Es 48 
42. Measuring Circuit, General RECORTE S. sls. 48 

A. Potentiometer TOMBA o... S 48 

B. Resistance Measuring [Pe . Ss SA 50 


FS 
Oo 
= 
B. 
R 
M" 
O 
O 
E 
O 
H 
O 
O 
a 
fed 
m 
GQ 
LT 
Em 





Leeds & Northrup Company 


DIRECTIONS FOR 
SPEEDOMAX TYPE G RECORDERS 


MODEL S 60000 SERIES 


INTRODUCTION 


These directions cover the general mechanical and electrical features 
of the Speedomax Type G, Model S, 60000 Series Recorders. Special 
features, peculiar to certain recorders, are covered in individual direc- 
tions sent only with the particular recorders. 


Although Part Lor these directions covers the data essential to placing 
the recorder inservice, itis suggested that the proper sections of Part IV 
be read, as soon as possible, to assist in understanding the operation of 
the instrument. 


Another suggestion is that the serial number of the recorder be fur- 
nished whenever data or spare parts are requested. This will materially 
aid in expediting the work at the factory. The number is included on the 
nameplate onthe floor of the case. (On earlier models the serial number 
may have been stamped, (1) behind the latch on the left side of the main 
frame casting, (2) on the edge of the gear box under the motor, or (3) on 
the boss at the side of the gear box.) 
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PARTI 
PREPARE RECORDER FOR SERVICE 
1. MOUNT THE RECORDER 


The recorder is, unless otherwise specified, arranged for flush mount- 
ing ona panel by means of four mounting bolts as indicated in the separate 
drawing showing the outline and drilling dimensions. The mounting bolts 
are packed with the accessories. 


When specially ordered, the recorder can be arranged for surface 
mounting (by means of two hangers fastened to the back of the recorder ) 
or for use in shock proof mountings. In either case the method of mount- 
ing and the dimensions are shown in a separate drawing. 


2. TAGS ATTACHED TO RECORDER 


Directions given on tags attached to the recorder should be carefully 
followed and all tags removed. 


3. PRECAUTIONS FOR STANDARD CELL 





Recorders using a potentiometer type measuring circuit are furnished 
- with a standard cell 26, Fig. 3. 


The standard cell should never be exposed to temperatures below 32 F 
or above 140 F. Inorderto satisfy this requirement the recorder, on con- 
tinuous operation, should not be installed in locations where the ambient 
temperature inthe roomis below +10 F or above 120 F. If itis necessary 
touse the recorder where the temperature is outside these limits, remove 
the standardcell, place it where the temperature will be within the limits 
specified and run twisted leads fromthe recorder to the standard cell. Both 
the standard cell and the leads should be shielded and the shielding grounded. 
Be sure the polarity connections are made the same as the original con- 
nections and mount the cell in the same position as when in the recorder. 
Also be sure not to short circuit the cell at any time. Do not stand the 
standard cell on its side or inverted when in use. 


The recorder is shipped with the automatic current adjuster stopped 
with the standard cell circuit open so as to be certain that there will be no 
current drain from the standard cell. However, no preliminary adjustment 
is necessary at this point. 





The recorder should not be stopped, for an extended period, with the 

automatic current adjuster in the operating (standard cell) position. To 

check this position, swing out the chart assembly as directed in Section 4. 

Then slightly rotate the split gear 65, Fig. 23, and at the same time ob- 

serve rheostat 93, Fig. 23, for any movement. If this rheostat moves, the 

automatic current adjuster is in the operating position and the recorder 

e should be operated until no movement of rheostat 93 is obtained when the 
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split gear is rotated, and then stopped. 


4. SWING OUT CHART ASSEMBLY 


Open the door as in Fig. 1. Then grasp the top of laten. 201, Fig. l, 
between the thumb and the index finger. Pull forward and downward to 
swing the top of this latch through an arc of approximately 90 degrees (as 
far asitwillgo). The casting containing the paper drive, reroll, etc., then 
will be lowered and unlatched. Pull forward on latch 201 to swing the as- 
sembly out as shown in Fig. 2. 


5. INSTALL CHART 


The new roll of chart paper should be placed in position at A, Fig. 2. 
Hold the paper roll with the edge containing the circular holes to the right 
hand side when viewed as in Fig. 2. Pull out knob 202. Fie. 2, as far as it 
will go. Fit the right hand end of the tube, in the new paper roll, on the 
flange at 203, Fig.2. Then allow knob 202 to spring slowly back into place 
andatthe same time fitthe left hand end of the tube, in the new paper roll, 
on the flange at 204, Fig. Z. 


Thread the end of the paper up and back of guide rod 205, Fig. 2. Carry 
the paper up to and back of guide rod 206, Fig. 2. Then thread the paper 
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Fig. 2 


between the top of guide rod 206 and the bottom of drive roll 207, Fig. 2. 
Pull the paper through until approximately 12 inches of paper extend be- 
yond guide rod 206. 


Then carry the paper up and over drive roll 207, Fig. 2, to the front 
ofthe drive roll. In doing this be sure to keep the horizontal lines on the 
paper parallel to the axis of the drive roll and at the same time fit the 
pins of the drive rollat 208, Fig. 2, carefully into the circular holes in the 
right hand edge of the paper and the slots on the pins at the left hand end. 


Swing the chart assembly to the left so as to be able to continue with 
the paper on the front as in Fig. l. Then carry the paper down the front 
as in Fig. l. In doing this be sure that the paper is threaded under indi- 
cator arm 211, Fig. 1, and the signal disc 212, Fig. 1. 


| Carrythe paper under the bottom of the chart assembly casting as at 

| 213, Fig. 1, and over to the reroll tube which is to be mounted between 
flanges 216 and 217, Fig.2. Turn knob 214, Fig. 2, to feed the paper. The 

reroll tube is the red fiber tube, with a slot in each end, packed with the 

accessories. Toplace this tube in position, pull out knob 215, Fig. 2, and 

| fit one end of the reroll tube on the flange at 216, Fig. 2, so that the arm 

) e on this flange fits in the slot of the reroll tube. Then allow knob 215 to 
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Fig. 3 


spring slowly back into place and at the same time fit the left hand end of 
the tube on the flange at 217. 


Continue with the paper across the bottom of the chart assembly cast- 
ing to the reroll tube. Carry the paper under the reroll tube and halfway 
aroundthe tube. Draw the paper tight enough to make it smooth down the 
frontof the assembly as in Fig. 1 and then use a gummed label (furnished 
with the accessories) to fasten the paper to the reroll tube. 


The right hand end of the chart roll at 203, Fig. 2, should be adjusted 
so that there is approximately 1/32" clearance between this end of the 
chart rolland the inside face offlange 216. If this condition does not exist, 
loosen knurled nut 165, Fig. 2, a slight amount and turn nut 166, Fig. 2, 
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until the above condition 
is obtained. 


As a final check, 
turn knob 214, Fig. 2, to 
feed paper. During this 
check be sure that the 
pins, at both ends of the 
drive roll, fit into the 
holes in the edges of the 
paper, that the horizon- 
tal lines onthe paper 
are parallel to the axis 
| of drive roll 207, and 
that the paper lies flat 
against the front of the 
chart assembly casting. 





6. SWING OUT OPER- 
ATING MECHANISM 
ASSEMBL Y 





Fig. 4 
It is necessary to 
b e. release latch 218, Fig. 1, in order to swing out the operating mechanism 
assembly. Todo this, hook the index finger under the extension 209, Fig. 
l,press latch 218 down with the thumb and, with the latch held down, pull 
forward with the index finger to swing the mechanism out as in Fig.3. 
With the chart assembly latched in place as in Fig. l, both assemblies 
can be swung out as a unit by the above operation. 


7. PREPARE INKING DEVICE 


A. Pen (Curve Drawing Recorders) 


In handling the pen be careful not to bend the point. 


—-———— n 


Remove the metal clip, which holds the pen in the pen carriage, from 
the pen carriage. To do this, press arms 219, Fig. 4, a slightamount to- 
ward each other and at the same time lift the clip from the carriage. Then 
place the pen in the clip as shown in Fig. 5 and check to be sure that the 
| arm of the pen fits snugly in the notch 220, Fig. 5. 


If the rubber stopper (containing a breather hole)is supplied, it must 
be removed from the bowl of the pen for the filling operation. Hold the 
pen (mounted in the clip as above) firmly in one hand, as in Fig. 6, with 
arm A slightly off the horizontal in the direction of arrow B and the barrel 
C slightly off the horizontal in the direction of arrow D. Tilting the pen 
inthese directions is important so that the ink will flow into the pen in the 
) $e proper manner. Hold the ink dropper (filled with ink) in the other hand, 
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insert the end of the dropper in 
the end of the pen as shown and 
press the bulb of the dropper. 
Refillthe dropper and repeat the 
process until the ink rises to 
approximately the level E. Hold . 
the penin the operating position . 
and fitthe rubber stopper in the -. 
bowl of the pen. E 


Swing out the chart assem- 
bly and replace the clip (con- 
taining the pen) in the pen car- 
riage as shown in Fig. 7. 





With the chart assembly swung out, manually rotate split gear 65, 
Fig. 23, to move the indicator 222, Fig. 1, toward the low end of the scale 
until the stop is reached in this direction. When the chart assembly is 
closed and latched, the pen point should be on the low end line of the paper 
chart. Ifthisisnotthe case, loosen the two screws 221, Fig. 8, to release 
the pen carriage from the violin string and move the pen carriage until the 
pen pointison the end line of the chart. Then tighten the two screws 221. 


After the above adjustment is completed, keep the pen on the low end 
line ofthe paper chart. When in this position the indicator 222, Fig. 1, on 
the pen carriage should bein line with the last line on the indicating scale. 
If this is not the case, loosen the screws 223, Fig. 1, and slide the scale 
until the last line at the low end lines up with the indicator on the pen car- 
riage. Then tighten the screws 223 to hold the scale in this position. 


The indicator 222, Fig. 1, may rub against the bottom of the scale 
orthe pen may not make satisfactory contact with the chart. To correct, 
lower the chart assembly but do not swing it out. Then loosen screw 
170, Fig. 24, and adjust knurled head screw 171 so that the indicator 
clears the scale and the pen makes satisfactory contact with the chart 
when the chart assembly is raised. 


If the pen fails to draw a line, moisten a finger and draw it across 
the pen point. If this procedure fails, clean the pen as directed in Section 


B. Pen (Dot-Dash Recorders) 


Proceed as in A above for Curve Drawing Recorders and then make 
the following check. After the items in Section 8, 9, 10, 11, 12, and 
13, are completed, allow the recorder to run a short time and note the 
record which the pen makes for a dot. If no dot is made (due to the fact 


that the pen does not contact the paper on the down stroke of the mech- 
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| 
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| anism for making a dot) or 

| ifthe size of the mark is not 

| a good dot (too long or not 

| large enough) adjust the 
knurled head screw in the 
lower hinge pin of the chart 
assembly as described in 
the preceding Section. 


C. Ink Pads (Multiple- 
Point Recorders 

| Multiple-point record- 
ers are furnished with the 
necessary ink pad (unicolor) 
or pads (multicolor) prop- 
erly impregnated with ink 
and mounted in place ready Fig. 6 


forservice. These pads 
will, of course, gradually become dry and in time will wear out. 





To re-ink the pads, refer to Section 18. 
To replace the pads with new ones, refer to Section 19. 


Withthe chart assembly swung out, reach back of the main slidewire 
to the split gear 65, Fig. 23, and rotate this gear by hand to move the in- 
dicator 222, Fig. 1, toward the low end of the scale until the stop is reached 
in this direction. Then close and latch the chart assembly. Under these 
conditions, the indicating pointer on the print wheel carriage should be at 
the end line at the low end of the indicating scale. If this condition does 
notexist, loosenscrew 221-B, Fig. 9, and similar screw at opposite side, 
to release the print wheel carriage from the violin string and move the 
print wheel carriage until the above condition does exist. Then tighten 
the two screws to hold the print wheel carriage in place. 


T—————— ————————— 


8. INSTALL DRY CELL 


This procedure is necessary whereadrycellis used to supply current 
tothe measuring circuit. In such instances a Burgess, Little Six dry cell 
is shipped unmounted and should be installed as shown at 224, Fig. 3. To 
do this, place the cell in the spring clips of the mounting and then fasten 
the terminals of the cell to the terminals at 225, Fig. 3. A standard No. 6 
dry cell may be used when no interrupters are mounted at 229, Fig. 3. 


9. AMPLIFIER 


The amplifier is shown at 10, Fig. 10. To have access to this unit, 
, e swing out the operating mechanism as directed in Section 6. 
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Checkthe converter 11, all tubes, 
and the plugs 12, 13, and 14, Fig. 10, 
to be sure that they fit tightly in their 
respective sockets. 


10. WIRING CONNECTIONS 


The detailed wiring connections 
for each recorder are shown in the 
diagram sent with the instrument. All 
connections should be made according 
to this diagram. 


The marking 115V60~G or 115 
V 60~ MG, on the terminal block at 
one of the motor leads, does not signi- 
fy that this lead must be connected to Fig. 7 
ground but simply designates the lead 
which should be connected to the grounded side of the power supply. 


Where the recorder is used to measure the temperature of electrical 
apparatus and where the measuring circuit will permit, it is recommended 
that one side of each detecting element be grounded at the electrical machine 
in order to protect both personnel and recorder in case of high voltage 
breakdown to a detecting element. 


It is suggested that the recorder case be connected to ground. 


11. INITIAL LUBRICATION 


The recorder has been properly cleaned and lubricated before leaving 
the factory. However, there are certain points which should be lubricated 
before placing the recorderinservice. These points are indicated by (pin 
Figs. 17-A to 17-E, inclusive. 


Use a good grade, medium weight oil. Apply one or two drops of oil 
at each point and remove any excess oil. 


12. SENSITIVITY AND DAMPING ADJUSTMENTS . 


The sensitivity is adjusted by means of the rheostat 16, Fig. 10. This ad- 
justment is made atthe factory and normally will not require readjustment. 


The optimum sensitivity setting is that setting which gives maximum 
sensitivity without causing ''hunting'' (pen oscillation) about the balance 
point. If oversensitivity (characterized by ‘thunting’’) or insensitivity 
(characterized by objectionable width of dead band when coming into bal- 
ance from opposite ends of scale) is noted, turn the sensitivity rheostat 
clockwise as far as possible; then turn it slowly counterclockwise until the 
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“hunting” disappears or 
shows as only a very slight 
wiggle in the motor pinion 
24, Fig. 23. 


Instruments arranged 
to balance inone second are 
provided with a damping 

| rheostat. This rheostat is 
| located to the right of the 
| balancing motor. After ad- 
justing the sensitivity rheo- 
statasindicated above, ad- 
just the damping rheostat 
for proper damping of bal- 
ancing motor. Underdamp- 
ingis characterizedby Fig. 8 
overshoot of the balance 
point. Whenoverdamped the pen will approach the balance point too slowly 
and in many small steps. 3 
| 
| 





13. ADJUST CURRENT OF POTENTIOMETER CIRCUIT 


A. With Automatic Current Adjuster 





The automatic currentadjusteris arrangedto automatically adjust the 
current once in approximately every 48 minutes while the recorder is 
operating. The operation of the automatic current adjuster is described 
in Section 37. 


However, whena new dry cell, for the measuring circuit, is installed 
the current should be adjusted semi-automatically as follows: 


Startthe recorder operating by snapping switch 27, Fig. 1, tothe ON po- 
sition, and allow sufficient time for the tubes in the amplifier to warm up. 
Then turn knob 28, Fig. 1, inthe direction indicated by the arrow, as far as 
it will go and hold it in this position until the pen or print wheel carriage 
does not move (currentbalanced). Release knob28. Ifthe penor print wheel 
carriage should travel to either end ot the scale before it comes to rest, re- 
lease knob 28, wait a few seconds for the pointer to travel towards mid scale 
(or manually move the main shaft to obtain this condition) and then again 
proceed as indicated above. The current in the potentiometer circuit is 
now properly adjusted and the automatic mechanism will act to check and 
readjust the current once in approximately every 48 minutes. 


B. With Semi-Automatic Current Adjuster 


The automatic adjustmentofthe current, once every 48 minutes, is not 
includedinthis arrangement. The current must, therefore, always be ad- 
justed semi-automatically as follows: 
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Start the recorder mecha- 
nism operating by snapping 
switch 27, Fig. 1, tothe ON po- 
sition and allow sufficient time 
for the tubes inthe amplifier to 
warm up. Then turn knob 28, 
Fig. 1, in the direction indi- 
cated by the arrow, as far as it 
will goandhold it in this posi- 
tion until the penor print wheel 
carriage does not move (cur- 
rent balanced). Release knob 
28. If the pen or print wheel 
carriage should travel to either 
end of the scale before it comes 
to rest, release knob 28, waita 
few seconds and then proceed Fig. 9 
as indicated above. The cur- E 
rent in the potentiometer circuit is now properly adjusted. This same 
procedure must be followed for each adjustment of this current. 


14. CHECK AND SET CONTROL DISCS AND CONTACTS (EXPOSED 
TYPE 


Whenarecorderis equipped with control discs and contacts, the set- 
ting of such parts should be checked before placing the recorder in ser- 
vice. Various arrangements of control discs and contacts may be furnished 
for varied applications. Figs. 11 and 12 show a common arrangement of 
two exposed type contacts equipped with a setting device and arranged for 
maximum and minimum control. This equipment will be used as an illus- 
tration for making such a check. 


Swing out the chart assembly as directed in Section 4. Then rotate 
split gear 65, Fig. 23, until the black indicator 222, Fig. 11, is at a major 
scale division near the center of the scale. Keep the black indicator at 
this point andturndial 29, Fig. 11, until both contacts on block 88, Fig. 12, 
are open. Under this condition the red indicator 30, Fig. 11, should be at 
the same point on the scale as the black indicator. 


If the red indicator is off a slight amount, loosen the screw in the 
clamp of the red indicator on the violin string and shift the red indicator 
to the proper point on the scale. Then tighten the clamp screw to hold it 
in place. 


If the redindicator is off a large amount, adjust the discs as directed 
in Section 40. 
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After the above 
check has been com- 
pleted, turndial 29, Fig. 
11 (or the knob on the 
outside of the recorder 
case)to set (he indicator 
30, Fig. 11, at the value 
on the scale for which 
the instrument is to con- 
trol. 


15. CHECK AND SET 
CONTROL DISCS 


————————————— —Á(— 


AND CONTACTS 


(ENCLOSED TYPE) 


Enclosed type con- 
tacts are arranged and 
actuated by controldiscs 
in the same manner as 
the exposed type con- 
tacts described in Sec- 
tion 14 and illustrated 
in Figs. 11 and 12. 


To check the con- 
tact setting proceed as 
follows: Turndial 29, 
Fig. ll, until the red 
indicator is at a major 
scale division near the iio. I0 
center of the scale. 





Then with the chart assembly swung outas directed in Section 4, rotate the 
split gear 65, Fig. 23, until the black indicator is positioned with respect 


to the red indicator at the point at which the contact is to 


operate. For example, if the contact is to be set to oper- 
ate at the control point, set the black indicator opposite 
the red indicator. If on the other hand the contact is to 
operate at some fixed point below or above the control point, 
setthe black indicator at that point on the scale. When the 
indicators are properly positioned the actuating flipper on 


the enclosed type contact should be midway on the slope of 


the notch in the control disc. If these conditions do not 
exist, adjust the disc, or discs, as directed in Section 41. 


Cr 6 
Qu co 
BL Y 

on S 

Fig. 10-A 


After the above check has been completed, turn dial 29, Fig. 11 (or 
the knob on the outside of the recorder case) to set the indicator 30, Fig. 
11, at the value on the scale for which the instrument is to control. 
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PART II 
MAINTENANCE UNDER NORMAL OPERATING CONDITIONS 


16. INSTALL NEW CHART 


To remove the used roll of paper, pull knob 215, Fig. 2, out and lift 
the roll from the drive end at 216. 


Install a new chart as directed in Section 5. 


When ordering paper, specify the paper number, which is found on the 
scale strip. Also, when the paper is time stamped, indicate how it is 
time stamped. This will facilitate handling of the order. 


17. REFILL THE PEN 


When the ink in the front part of the pen drops below the level of the 
indicator punching, the pen should be refilled. To do this, press arms 219, 
Fig. 7, toward each other and lift the clip and pen, as a unit, from the re- 
corder. Allowthe pen to remain in the clip and fill the pen as directed in 
Section 7-A and replace the pen and clip unit in the recorder. 


18. RE-INK THE PADS 


When the impressions on the chart become faint, the ink pad or pads 
should be re-inked, or replaced by new pads if badly worn. To replace the 
pads, proceed as directed in Section 19. To re-ink the pads, proceed as 


follows: 
A. Unicolor 


Stop the recorder. Use a small piece of wood (such as a match stick) 
flattened at one end to transfer the ink from the bottle to the pad. Place 
a small amount of ink on a small area of the periphery of the ink pad and 
allow itto soak intothe pad. Proceed in this manner around the periphery 
of the pad until the pad will absorb no more ink. Remove any excess ink 
from the pad with a blotter. 


B. Multicolor 


Use a small piece of wood (such as a match stick) flattened at one end 
to transfer the ink from the bottle to the pads. In applying the ink do not 
use a wet stick of one color ink for a different color and be sure that ink 
of one color does not flow over to a pad containing a different color ink. 
Apply a small amount of ink (of the proper color) to the pad and allow it to 
soak into the pad. Repeatthis procedure until the pad will absorb no more 
ink. Remove any excess ink with a blotter. 


The pad wheel can be rotated manually by turning gear 53, Fig. 13, in 
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a counterclockwise direction. Rotate the pad wheel as desired and apply 


| 

l 

| 

| 

Fig. 11 
| ink to the successive pads. 


19. INSTALL NEW INK PADS 


A. Unicolor 





Toinstalla unicolor ink pad, remove thumb nut 37 and washer 38, Fig. 
14, from the ink pad shaft. Then lift the ink pad from the shaft. Be sure 
^ to use a blotter and remove any excess ink from the new pad and then fit 


— 
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it in place on the bearing. Replace the washer and 
fasten it in place with the thumb nut. 
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B. Multicolor 
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To install multicolor ink pads, proceed as fol- 
lows: 
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Loosen the knurled head screw 34, Fig. 15, and 
lift the wheel 35, Fig. 15, free of the mechanism. 
Then remove the plate from the back of the wheel. 
To do this, loosen screws 39, Fig. 16, turn plate 40, 
Fig. 16, so that the screws 39 fit in the holes 41 
and lift plate 40 from the wheel. The ink pads can ' 
now be readily removed and new ink pads put in ED 


their places, or, for the first replacement, the used = 
p PE 
a 
e ‘ 


pads may be turned so that the bottom face will be ex- 
90 


AAA) 


Un 
G 


posed for inking and then replaced in the wheel. Ka 
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When installing new pads, be sure and use a 
blotter toremove any excess ink from the pads be- A 
fore placing them in service. 


v 
N 


After the ink pads are in position in the wheel, 
replace the plate 40, Fig. 16, and tighten it in place 
with screws 39. Then replace the pad wheel in the 15 
recorder. To do this, fit the guide pin in hole 36, 
Fig. 15, and the end of screw 34 into the hole in the 
support. Then tighten screw 34 to hold the wheel 
in place. 
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20. CLEANING AND LUBRICATING Fig. 12 





This recorder is acontinuously operating mechanism and as such re- 
quires occasional cleaning and lubricating. 


Figures 17-A, 17-B, 17-C, 17-D, and 17-E show the points to be lubri- 
cated for what might be called composite recorders. No recorder will 
have all the points shown in all these figures. 


Use a good grade of medium weight oil and place only one or two drops 
on at a time. It is preferable to remove all excess oil. 


The selector switches (on multiple point recorders) should be kept 
clean and, under normal operating conditions, lubricated with a thin film 
of pure Vaseline. If the operating conditions are such that too frequent 
cleaning is required with a thin film of Vaseline on the contacts, a more 
generous supply of Vaseline should be used If the operating conditions are 
such that toofrequent cleaning is required even with a generous supply of 
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Vaseline on the contacts, they should be 
immersed in a special oil obtained from 
Leeds & Northrup Company. Each se- 
lector switch requires approximately 1/3 
pint of oil. 


Under normal operating conditions 
the following cleaning and lubricating 


schedule should be used. 


A. Every Month 





(1) Cil all parts indicated by * in 

Figs. 17-A to 17- E inclusive. 
Fig. 13 

(2) Clean the pen carriage or print 
wheel carriage shaft and the print wheel 
carriage guide rod. This may be done as follows: Place a small quantity 
of oil on a cloth, and rub the shaft or rod until clean. On instruments 
provided with either a pen carriage or sliding print wheel carriage, leave 
a film of oil on the shaft or rod for lubricating purposes. 


(3) Place two or three drops of oil on the pinion and 38 
gears at 24, Fig. 23, and also on the smaller gears at a7 
this point which drive split gears 65, Fig. 23. 


+ Every Two Months O) 


(1) Oil all parts indicated by O in Figs. 17-A to 
17-E inclusive. 





(2) Clean slidewires as follows: Fig. 14 
(a) Main Slidewire (measuring circuit) and Control Slidewire 


Clean the slidewires by rubbing a clothmoistened with benzine 
over the contacting surface of the slidewires. If the recorder is in a lo- 
cation where the use of benzine is prohibited, carbon tetrachloride may 
be used sparingly. Do not apply Vaseline or any other lubricant to these 
slidewires. For certain applications it may be desirable to clean the 
slidewires more often than every two months. 


(b) All Other Slidewires 


Place a small quantity of pure Vaseline on a cloth and work 
the Vaseline into the cloth so as to have no excess Vaseline. Then rub 
the cloth over the contacting surface of the slidewire, being careful to 
wipe off any excess Vaseline from the slidewire. It may be necessary to 
repeat this procedure several times to properly clean the slidewire. If 
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the Vaseline fails to clean properly it may 
be necessary to use a good grade of ben- 
zine, followed by a cleaning with Vaseline. 
If the recorder is in a location where the 
use of benzine is prohibited, carbon tetra- 
chloride may be used sparingly, followed 
by a cleaning with Vaseline. For certain 
applications it may be desirable to clean 
the slidewire more frequently. 


C. Every Four Months 


In addition to the items listed under A 
and B above, oil all parts indicated by 4 
in Figs. 17-A to 17-E inclusive. 





S Fig. 15 
D. Every Eight Months 


In addition to the items listed in A, B, and C above, the contacts on 
the commutator and those used with discs for control or signal work 
should be cleaned with a cloth into which a little Vaseline has been 
rubbed. 


21. CARE OF MOTOR BEARINGS 


A. Lubrication 

Synchronous motors of the relay start type are equipped with sleeve 
bearings which require periodic lubrication. Since these motors are 
sensitive to the lubricant, one of the following two oils (or equivalent) 
should be used: 


(1) Gulf Crest A 


(2) Standard Oil Company of Indiana 
#12612 


Relay start type motors should be 
lubricated after every 4000 hours of con- 
tinuous service, or approximately every 
six months. Add one cubic centimeter or 
one full medicine dropper of oil to each 
bearing through the horizontal oiling holes 
located in each of the motor end bells. 


Synchronous motors (capacitor type) 
and two-phase balancing motors are 
equipped with end sealed type ball bearings 
properly packed with grease before leaving Fig. 16 
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Fig. 17-A 


the factory. They should, therefore, require no attention for at least a 
year, or possibly two years. It is recommended that no lubricant be added 
to the bearings and that the bearings be replaced with new ones when they 
become objectionably noisy. However, it is permissible to clean the noisy 
bearings, repack them with the proper grease and replace them in the 
motor. 
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B. Install Paper Drive Motor Bearings (Capacitor Type Motor) | 


Remove the motor leads from the terminal block and the four screws 
from the motor base and lift the motor clear of the gear box. 


Remove the four screws or through bolts which hold the top end cover 
in place. Then tap the top end cover to loosen it and remove the cover 
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from the motor. In doing A 
this be careful to note = \ i 
the arrangement of any A 

thrust plate and washers 

on this end of the motor 

shaft. Lift the motor 

rotor out of the motor 

frame, being careful to 

note the arrangement of 

any washers on this end 

of the motor shaft. 


Use a bearing pul- 
ler, or other convenient 
method, to remove the 
bearings from the shaft. 
Place the new bearings 
(Leeds & Northrup Part 
No. R-346-V-4, packed 
with grease)on the shaft. 
The open end of the 
bearings should, in each 
case, face toward the 
end of the shaft. Be 
sure to push the new 
bearings tightly against 
shoulders on the shaft. 
In doing this, be sure to 
place pressure only on 
the inner ball race of the bearing (this race is lower than the outer 
race). 
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Replace any spacers on the lower end of the shaft and insert the 
rotor in the stator. Then replace the washers, etc., on the upper end 
of the shaft and replace the top end cover. Adjust the top end cover 
and replace the four screws or through bolts to hold the cover in 
place. 


Replace the motor on the gear box, align the worm and worm gear 
and see that they do not bind, then replace and tighten the four screws in 
the base plate to hold the motor in place. Connect the motor leads to the 
terminal block. : 


C. Install Balancing Motor Bearings 


Remove cover 20, Fig. 3, and disconnect the motor leads from the 
terminal block under this cover. Then remove the nuts on the ends of the 
four bolts 23, Fig. 3, and remove the motor from the recorder. Remove 
the gear from the end of the motor shaft (this gear may be fastened with a 
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Fig. 17-D 


pin or a hex nut). 


Remove the four screws or through bolts which hold the top end cover 
inplace. Thentap the top end cover to loosen it and remove the cover from 
the motor. In doing this be careful to note the arrangement of any thrust 
plate and washers on this end of the motor shaft. Lift the motor rotor out 
of the motor frame, being careful to note the arrangement of any washers 
on this end of the motor shaft. 


Use a bearing puller, or other convenient method, to move the bear- 
ings from the shaft. Place the new bearings (Leeds & Northrup Part No. 
8-2-3-2, packed with grease) on the shaft. The open end of the bearings 





24 








77-10-5-1 


Leeds & Northrup Company 











Should, in each case, face toward 172 93 

the end of the shaft. Be sure to push — ad A 

the new bearings ti ghtly against — OO NES n. 

shoulders on the shaft. In doing a nr 

this, be sure to place pressure only eal E 102 
on the inner ball race of the bearing 

(this race is lower than the outer O 


race). 


Replace any spacers on the 
lower end of the shaft and insert 
the rotor in the stator. Then re- 
place the washers, etc. on the up- 
per end of the shaft and replace 
the top end cover. Adjust the top 
end cover and replace the four 
Screws or through bolts to hold the 
cover in place. 


Replace the gear on motor Fig. 17-E 

Shaft and tighten the nut or insert 

a pin to hold the gear on the shaft. Fit the motor approximately in posi- 
tion in the recorder but do not mesh the gear on the motor shaft with the 
gears at 24, Fig. 23. First, displace the two sections of the large split 
gear 65, Fig. 23, a distance of three teeth in the direction to place tension 
on the springs on this gear. Hold the two sections of gear 65 displaced as 
above and mesh the gear onthe end of the motor shaft with the gears at 24, 
Fig.23. Be sure these gears do not bind. Then tighten the four bolts 23, 
Fig. 3, to hold the motor in Place. Reconnect the motor leads to the ter- 
minal block under cover 20, Fig. 3, and replace the cover. 


D. Clean And Repack Bearings 


If the bearings are to be cleaned and repacked with grease, proceed 
as follows: Remove the motor or motors from the recorder as described 
in Sections 21-Band21-C, as applicable. Then clean the bearings and re- 
pack them with grease, as outlined below, and replace the bearings and 
motor or motors as indicated in Sections 21-B and 21-C above, as appli- 
cable. 








To clean the bearings, place them in a wire basket, so there is plenty 
of space for cleaner to reach all parts and immerse in a Stoddard solvent 
such as ''Varsol,'' ''Solvasol,'' or equivalent. (If more carbon or sludge 
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Bearings that contain especially heavy carbon deposits or hardened 
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grease should be put in a basket by themselves and soaked in a separate 
container of solvent. Bendix Cleaner or equivalent may be used, or one 
of special carbon softening fluids, if approved for bearing use. 


After the above is completed, use a spray gun, with air filter, and a 
clean Stoddard solvent such as ''Varsol,'' ‘‘Solvasol,’’ or equivalent, and 
flush each bearing until all dirt or residue is removed. Turn one of the 
races slowly, while flushing, to help dislodge dirt from around balls and 
separator pockets. 


Withdry, filtered air, blow solvent out of bearings, being careful not 
to spin by force ofair. Since dry bearings rust quickly, pack them at once 
with Beacon 325 grease. 


22. CHECK AND ADJUST CURRENT OF POTENTIOMETER CIRCUIT 
A. With Automatic Current Adjuster 


Although the automatic current adjuster takes care of adjusting this 
current approximately every 48 minutes while the recorder is operating, 
the current can be checked at any time, while it is operating, semi-auto- 
matically as follows: While the recorder is operating, turn knob 28, Fig. 
l, in the direction indicated by the arrow, as far as it will go and hold it 
in this position. If the current is properly adjusted, the pen or print wheel 
carriage will not move. If this condition does not exist, hold knob 28 as 
directed above until this condition is obtained. Then release knob 28. 
Should the penor print wheel carriage travel to either end of the scale be- 
fore it comes to rest, release knob 28, wait a few seconds and then again 
proceed as indicated above. 


If the current cannot be balanced as directed above, the dry cell 
should be replaced by a new one. Then adjust the current as directed in 
Section 13-A. 


B. With Semi-Automatic Current Adjuster 


When the recorder is equipped witha semi-automatic current adjuster 
this adjustment should be made at least once a day as follows: While the 
recorder is operating, turn knob 28, Fig. 1, in the direction indicated by 
the arrow, as far as it will go and hold it in this position. If the currentis 
properly adjusted, the pen or print wheel carriage will not move. If this 
condition does not exist, hold knob 28 as directed above until this condition 
is obtained. Then release knob 28. Should the pen or print wheel carriage 
travelto either end of the scale before it comes to rest, release knob 28, 
wait a few seconds and then again proceed as indicated above. 


-If the current cannot be balanced as directed above, the dry cell should 
be replaced by a new one. Then adjust the current as directed in Section 
13-B. 
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23. REPLACE DRY CELL 
A. For Potentiometer Type Measuring Circuit 
SO ooo 


Whenthe red signalappears at the battery tell tale indicator 211, Fig. 
l,the dry cell should be replaced by a new one. After the new cell is in- 
stalled, adjust the current in the potentiometer circuit as directed in Sec- 
tion 13-A for an automatic current adjuster or Section 13-B for a semi- 
automatic current adjuster. 


B. For Resistance Type Measuring Circuit 
Se T UN" 


When an a-c bridge is used for this type circuit, a dry cell will, of 
course, not be used. However when a d-c bridge is used, a dry cell will 
beused. In this case a small d-c voltmeter is mounted above the left end 
of the indicating scale. When the dry cell is fresh, the meter pointer will 
be well over to the right (on the white section of the scale). When the 
pointer drops to the red section of the scale, the dry cell should be replaced 
with a fresh one. 


St 





Leeds & Northrup Company 








PART III 
MAINTENANCE UNDER UNUSUAL CONDITIONS 
24. CLEAN THE PEN 


If the pen stops inking while it still contains ink, moisten a finger and | 
draw itacross the pen point. If this procedure fails, remove the pen from 

the carriage. Todothis,press arms 2109, Fig. 7, together and lift the clip 

and pen from the carriage. Insert one of the fine wires (supplied for this 

purpose) in the pen point and push it through the point to clean out any 

particle clogging it. 


If the ink still does not flow, remove the clogged pen from the clip 
and installa new pen as directed in Section 7-A. Place the clogged pen in 
alcoholor boiling water for a short time. Remove the pen from the solu- 
tion and insert a cleaning wire as previously directed. Then fill the pen 
with alcohol or warm water and blow the liquid out through the pen point. 
Allow the pen to thoroughly dry before using. 


25. INSTALL NEW PEN 
If itis found necessary to replace the pen, remove the clip and pen as 


a unit from the recorder and remove the pen from the clip. Install the new 
pen as directed in Section 7-A or 7-B. 





26. ADJUST PEN CARRIAGE 


Ifthe pen carriage becomes loose on the violin string, it may get out 
of alignment. To check this condition, stop the recorder and rotate the split 
gear 65, Fig. 23, tobring the pen to the low end of the scale (until the gear 
isagainstthe low end stop). Under this condition, the pen point should be 
on the end line at the low end of the paper chart. 


If this condition does not exist, loosen the two screws 221, Fig. 8, to | 
release the pen carriage from the violin string. Hold gear 65 against the 
low end stop as directed above and move the pen carriage until the pen | 
pointis on the end line at the low end of the paper chart. Tighten the two 
screws 221 to hold the pen carriage in place. 


27. CLEAN THE TYPE ON PRINT WHEEL 


The type on the print wheel may in time become slightly clogged with 
foreign particles and print blurred characters. When this occurs, the type 
should be cleaned. Todothis, stop the recorder and swing out the operat- 
ingmechanism assembly. Moisten a portion of a cloth with carbontetra- 
chloride or benzine and clean type on the print wheel with this moistened 
cloth. To rotate the print wheel while cleaning, rotate gear 53, Fig. 13, in 
a counterclockwise direction. 
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28. ADJUST PRINT 
WHEEL CARRIAGE 


If the print wheel 
Carriage becomes loose 
on the violin string it 
may get out of alignment. 
To check this condition, 
stopthe recorder and 
rotate the split gear 65, 
Fig. 23, to bring the 
print wheel to the low 
end of the scale (until 
the gear is against the 
low end stop). Under 
this condition, the in- 
dicator on the print 
wheel carriage should be 
at the end line at the | 
low end of the indicating | 

| 





scale. Fig. 18 


If this condition does not exist, loosen the screw 221-B, Fig. 9, and | 
similar screw at opposite side, to release the print wheel carriage from | 
the violin string. Hold split gear 65, Fig. 23, against the low end stop as | 
directed above and move the print wheel carriage until the indicator on 
the carriage is located as above. Tighten the two screws to hold the 
print wheel carriage in place. | 


29. INSTALL NEW VIOLIN STRING 
ea a a a 
A. For Pen Or Print Wheel 
Ser et UT FTIN wheel 


In order to install a violin string, for the pen or print wheel, swing 
out the chart assembly to make the violin string pulley accessible. Then 
proceed as directed below. 


Turn the violin string pulley in a counterclockwise direction (when 
facing the pulley as in Fig. 18) until it reaches the stop in this direction. 
Note whether the pulley has been slotted from its edge to the hole at 43, 
Fig. 18. If it has not been slotted it will be necessary to remove parts as 
follows: Remove the main slidewire as indicated in Section 30. Then re- 
move any controldiscs and contacts, including the front setter gear, from 
this same shaft, as indicated in Section 40 or 41. Loosen the nut on the 
end of split gear 65, Fig. 23, and remove this gear from the shaft. Then 
swing out the operating mechanism casting as in Fig. 3. Remove cover 
20, Fig. 3, and unfasten the motor leads from the terminal block under 
this cover. Next, remove the four screws in the mounting plate 21, Fig. 
2, for motor 22, and lift the motor with the attached casting and gears 
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from the recorder. It is not necessary to remove the foregoing parts 
from instruments provided with the slotted pulley as this pulley arrange- 
ment is more accessible. 


Loosenscrews 221, Fig. 18, onthe back of the pen or print wheel car- 
riage. Alsoloosen screws 42, Fig. 18, a slight amount. Then remove all 
pieces of the old violin string. Open the new violin string and run it be- 
tween the thumb nail and index finger to help straighten the string. Tie a 
knot at one end of the violin string. When the instrument has a slotted pul- 
ley, tie a second knot in the violin string 46-1/2 inches from the first knot 
for a curve drawing (single point) recorder or 51-1/8 inches from the 
first knot for a multiple point recorder. Slip the string down through the 
slot to hole 43, Fig. 18, and pull the string through the hole until the knot 
at the end fits tightly against the rear side. On discs that have not been 
slotted, instead of tying a second knot in the string, cut off about 1/2 inch 
fromthe end of the string. Then insert the cut end of the violin string up 
through the hole at 43 until the knot on the other end fits tightly against 
the underside. 


Hold the string firmly in the groove at hole 43 in the direction indicated 
by arrow A, Fig. 18. Carrythe string in the direction of arrow A, Fig. 18, 
to pulley 44. Carry the string under pulley 44 to pulley 45 as in Fig. 18, 
then over pulley 45 and continue with the string in the direction of arrow 
Bto pulley 46 and around pulley 46 to pulley 47. Carry the string around 
pulley 47, as indicated, and over to the violin string pulley. Place the 
string inthe groove in this pulley, and carry the string around the pulley, 
in this groove, in the direction of arrow C, Fig. 18, to the opening at 48, 
Fig. 18. 


On installations where the string has been knotted in accordance with 
preceding instructions, place the string in the slot in stud 49, Fig. 18, and 
pull back onthe string to hold the knot against the slot in the stud. On in- 
stallations where the string was cut in accordance with preceding instruc- 
tions, turn the stud so that the hole through this stud points toward the 
groove at 48. Then thread the violin string down through the hole in stud 
49 and draw the string tight. Allow about 3/4 of an inch of string to extend 
through the hole and cut off the excess. 


Tighten screws 42 just enough to hold stud 49 and then turn stud 49 in 
a counterclockwise direction to tighten the violin string. Give screws 42a 
final tightening to be sure that stud 49 will not slip. 


If motor 22, Fig. 3, was removed, replace and fasten it in place with 
the four screws inmounting plate 21, Fig. 3. Then connect the leads from 
this motor to the terminal block under cover 20, Fig. 3, and replace this 
cover. 


Close the operating mechanism casting and swing out the paper chart 
assembly. If the large split gear 65, Fig. 23, has been removed, place it 
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Fig. 19-A 


back on the shaft. Before meshing this gear with the gears attached to the 

motor casting, displace the two sections a distance of three teeth in the 

direction to place tension on the springs of the gear. Hold the two sections j 

displaced in this manner and mesh them with the gears on the motor : 

casting. Then tighten the nut on the end of the split gear hub to place À 

compression on the friction clutch at this point. This compression should | 

be great enough to allow the clutch to turn all the control discs when the i 

n split gear is turned but should, at the same time, be small enough to l 
é permit the control discs to be turned when the split gear is held station- i 
ary (in this latter case the clutch slips). | 


Place the violin string under screws 221, Fig. 18, on the pen or print ; 
wheel carriage and adjust this carriage as directed in Section 26 or Section a 
28. "n 


ij Replace any control discs and make any necessary adjustments. Then 
replace the main slidewire as directed in Section 3D. 


B. For Contact Setting Device 
— se eee’ 


1% 
L 
ne 


To replace the violin string on the contact setting device proceed as 
follows: 


Swing out the two assemblies together as in Fig. 3, so as to have the 
violin string mechanism shown in Figs. 19-A and 19-B, available. (Knob 
M, Fig. 19-B, may be provided with a grooved drum as at 64, or a smooth 
surfacesdrum. Regardless of the design, the procedure outlined is appli- 
cable.) Loosen screw 56, Fig. 19-A, to release the indicator clamp and 
remove the indicator from the violin string. Remove all pieces of the old 
violin string and loosen screws 57, Fig. 19-A, a slight amount (just enough 
to permit stud 58, Fig. 19-A, to be turned with a screwdriver). 


Open the new violin string and run it between the thumb nail and index 
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Fig. 19-B 


finger to help straighten the string. Cut approximately one-half inch from 
one end of the string. Then turn knob M, Fig. 19-A, in the direction indi- 
cated by arrow N until the mechanism is against the stop in this direction. 


Insert the cut end of the new string down through 60, Fig. 19-A, and 
pullitthroughat 59 far enough to tie a knot in the end of the string. Then 
pull the string up through 60 until this knot fits tightly at 59. Carry the 
string in the direction indicated by the arrow N, Fig. 19-A, under the drum, 
and, in the direction indicated by arrow P, over to pulley 61. If hole 59 
stops below the horizontal center line of drum 64, carry the string com- 
pletely around the drum in the direction indicated by arrow N and then over 
to pulley 61 as indicated in the preceding sentence. 


Continue with the string around pulley 61 as indicated and over to pul- 
ley 62as indicated by arrow R. Carry the string around pulley 62, as in- 
dicated, and over to drum 64 as indicated by arrow S. Keep drum 64 turned 
sothatthe mechanismis againstthe stop as directed above in this Section. 
Continue with the string under drum 64, starting the string at 68, Fig. 19-A, 
which is in line with 69, Fig. 19-A (where the string leaves the drum on 
this side). Wind the string three times around the drum as shown in the 
directionindicated by arrow T, Fig. 19-A to hole 63. Turn stud 58 so that 
the hole in the stud lines up with hole 63. Then insert the string down 
through hole 63 and through the hole in stud 58 and draw the string tight. 
Allow about 3/4 of an inch of string to extend through the hole in stud 58 
and cutoffthe excess. Tightenscrews 57 just enough to keep stud 58 from 
turning. Then rotate drum 64 inthe direction opposite to arrow N until the 
mechanism reaches the stop in this direction. Hold the mechanism in this 
position and turn stud 58, in a clockwise direction as viewed in Fig. 19-A, 
to tighten the violin string. Give screws 57 a final tightening to be sure 
that stud 58 will not slip. Then rotate drum 64 in the direction indicated 
by arrow N until the mechanism again reaches the stop in this direction. 


Replace the indicator on the violin string as in Fig. 19-B but do not 
clamp ittightly to the string. Keep the drum 64 turned against the stop as 
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Fig. 19-1 


directed above and adjust the position of the indicator until it is over the 
end line at the low end of the scale. Then tighten screw 56 to hold the in- 
dicator in place. 


30. REMOVE MAIN SLIDEWIRE 


To remove the main slidewire 66, Fig. 23, from the shaft, back screw 
67, Fig. 23, out several turns. Then place a hard flat object, about six 
inches in length, across the front of the slidewire assembly, resting the 
plate against the head of the screw. Next, duplicating the action of a wheel 
puller, place the palm of each hand against the flat plate and the fingers 
behind the slidewire assembly and squeeze to loosen the slidewire from 
the tapered shaft. Then remove the screw and washers at 67 and slide the 
entire slidewire assembly from the end of the shaft. 


To replace the main slidewire, fit the assembly over the end of the 
shaft with arm 226, Fig. 23, fitted on pin 227, Fig. 23, and with the pin in 
hub at 67, Fig. 23, fitted properly over the flat section on the shaft. Re- 
place the washer and screw at 67, Fig. 23, and carefully tighten the screw. 
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31. INSTALL NEW CONTACTS ON MAIN SLIDEWIRE 
To install new contacts on the main slidewire, proceed as follows: 


Allreferences are to Fig. 19-1 unless otherwise stated. The proce- 
dures identified with an * need not necessarily be complied with if the base 
cover has been cut away to permit access to the screws in the contact 
mounting block. 


Rotate the cover on the main slidewire a slight amount in a counter- 
clockwise direction and remove it from the slidewire. 


*Back out screw 180 to release the pressure on arm 182. 


*Remove the two screws 181 and remove arm 182 (complete with con- 
tacts 183). 


Remove the four screws 184 and remove the small block and attached 
contacts. 


Place the new contacts and block in position on arm 182 and fasten 
them in place with the four screws. 


*Fitarm 182inplace, with contacts 183 on the slidewire, and replace 
and tighten screws 181 just enough to hold the arm in place. 


Adjust screw 180 and individual contact fingers until the pressure of 
each contact is between 60 and 80 grams, and then finally tighten screws 
181 to hold this adjustment. Also tighten locknut on screw 180 to hold this 
screw in place. 


Check the recorder calibration and make corrective adjustments, if 
necessary, as explained in Section 33. 


Replace the cover on the slidewire. 
32. AMPLIFIER 


Itis recommendedthata spare set of electron tubes be stocked to aid 
in servicing the amplifier. When insensitivity is noticed, even with the 
sensitivity rheostatinits highest position, the tubes should be checked. It 
is suggested that any weak tubes be replaced with new ones. These tubes 
may be purchased locally; however, it is preferable to order tubes, which 
have had a more complete quality check, from Leeds & Northrup Co. 


If the recorder should perform improperly, and new tubes do not 
remedy the trouble, remove the amplifier and substitute another amplifier. 


A service kit (No. 9905 Servicing Equipment) and instructions are 
available for servicing the amplifier and may be ordered from Leeds & 
Northrup Company. 
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33. CALIBRATION 


a — 





. Preliminary 


to check the re- 


corder calibration pro- 


ceed as follows: 


Turn split gear 65, 
Fig.23, to move the pen 
Or print wheel carriage 
toward the low end of the 
scale until the stop is 
reached in this direc- 
tion. Then close and 
latch the chart assem- 
bly. Under these con- 
ditions the pen or print 
wheelshould register at 
the low end line on the 
paper chart. If this con- 
dition does not exist, 
loosen the two screws 
holding the pen or print 
wheel carriage to the 
violin string and move 
the carriage until the 
above condition does 
exist. Then tighten the 
two screws to hold the 
carriage in place. 


After the above ad- 
justment is completed, 
keep the pen or print 
wheel on the last line at 
the low end of the paper 
chart. When in this po- 
sition the indicator on 
the carriage should be 
in line with the last line 
on the indicating scale. 
If this condition does not 
exist,loosen the screws 
223,Fig.l,and slide the 
scalea sufficient amount 
to have the last line at 
the low end line up with 
the indicator on the car- 
riage. 


CONNECT + HERE 


CONNECT — HERE 





DISCONNECT THERMOCOUPLE FROM TERMINAL BOARD WHEN 
CHECKING. REPLACE AFTER COMPLETING CHECK. 


Fig. 19-2 


CONNE CT+ HERE 
CONNECT — HERE 





REMOVE TRERMOCOUPLE FROM TERMINAL BOARD 
WHEN CHECKING. REPLACE AFTER COMPLETING CHECK. 


Fig. 19-3 






CONNECT — HERE 


OPEN LINK WHEN CHECKING 
REPLACE AFTER COMPLETING CHECK 


Fig. 19-4 
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B. Potentiometer Type Circuit 


Adjustthe current in the recorder measuring circuit as described in 
Section 22-A. 


If the recorder is used for straight millivolt measurement and no auto- 
matic reference junction compensation is employed, proceed as follows: 


(1) Connect the E.M.F. terminals of a portable potentiometer to the 
recorder E.M.F.terminals,after disconnecting any other external source 
of emf. 


(2) Adjust the portable potentiometer to cause the pen to travel to the 
left end of the recorder scale. Then increase the applied emf to, but not 
above,a value near the middle of the recorder scale and note the reading. 
Now adjust the portable potentiometer to cause the pen to travel to the 
right end of the scale. Then decrease the applied emf to, but not below, 
the same value as was used just previously, and note the reading. (If there 
is an appreciable distance between the two recorder readings, the sensi- 
tivity rheostat on the amplifier chassis should be adjusted by turning shaft 
16, Fig. 10,in a clockwise direction to decrease the width of this insensi- 
tive band.) The recorder reading should check with the applied emf with- 
in the accuracy of the recorder. If the recorder reading is not correct, 
remove the cover from the main slidewire and loosen screw 185, Fig. 19-1 
(and similar screw hidden by arm 182)aslight amount and adjust the slide- 
wire disc until the scale reading is correct. Then tighten the two screws 
to hold the disc in place and replace the cover. 


If the recorder is furnished withan automatic reference junction com- 
pensator, proceed as follows: 


(1) Measure the temperature at the reference junction coil located 
on circuit panel 94, Fig. 3, by placing a mercury thermometer against the 
side of the coil, if of the design represented in Fig. 19-3 or Fig. 19-4, or 
in the hole in the coil if of the design represented in Fig. 19-2. 


(2) Determine the millivoltage equivalent to a scale setting near the 
center of the pen travel and the millivoltage equivalent to the reference 
junction temperature (referring to the temperature conversion table, based 
oneither OF or OC, for the type of thermocouple being used). The differ- 
ence between these two values is the ''effective'' millivoltage. 


(3) Connect the E.M.F. terminals of the portable potentiometer to the 
positions indicated in either Fig.19-2,19-3,0r 19-4, depending upon which 
reference junction coil arrangement is installed on the circuit pariel. 


On multipoint recorders with a remote reference junction thermo- 
couple it will also be necessary to disconnect the reference thermocouple 
from terminals RJ(+) and RJ(-) and to jumper the TC(+) and TC(-) ter- 
minals on the terminal board corresponding to the switch point about to 
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print. Prevent the 5 74 81 80 79 | 
switch advance mecha- | i 
nism from operating | 
during these tests by re- 
moving the chart drive 
motor fuse. 


(4)Adjust the po- 
tentiometerto cause the 
pen or print wheel car- 
riage pointer totravel to 
the left end of the scale. 
Increase the potentiom- 
eter emí to, butnotabove 
the ‘‘effective’’ milli- 
voltage and note the 
temperature indicated 
on the recorder scale. 
Now adjust the potenti- 
ometer to cause the re- 
corder pointer, this 
time, to travel to the 
right end of the scale. 
Decrease the potenti- Fig. 20 
ometer to, but not below, 
the ''effective'' millivoltage and note the resulting temperature indication. “A 


iann sa IPES Tada 


anes 
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The two temperature indications obtained should be at, or an equal dis- i 
tance to either side of the major temperature division selected for this A 
calibration check. If the recorder balances as described the calibration i 


is correct. If the average temperature indication obtained is not within | 1 
the measuringaccuracy of the recorder, remove the cover from the main ] 
slidewire and loosen screw 185, Fig. 19-1 (and similar screw hidden by 1 
arm 182) a slight amount and adjust the slidewire disc until the scale read- | 
ing is correct. Then tighten the two screws to hold the disc in place and 

replace the cover. : 


C. Resistance Type Circuit 


A check coilis supplied with all resistance type recorders. The data 
on this coil indicates the value at which the recorder pen should balance 
when the check coil is connected into the circuit. 


Ifthe recorder does not checkat the given value, adjust the slidewire 
disc as indicated in the preceding section. 


34. ADJUST PRINTING AND SWITCH ADVANCE MECHANISM IN 
PROPER RELATION TO CURRENT ADJUSTER MECHANISM 


Stop the recorder when the rider on timing cam 52, Fig. 17- E, is down 
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inslot51, Fig. 17-E, and the rider at 97 is centered on its cam. The cur- 
rent adjuster is then in the operating position. With the current adjuster 
in this position, arm 70, Fig. 20, should be down, in the direction indicated 
by arrow W, far enough to move cam 71, Fig. 20, around so that arm 72 is 
opposite arm 73 andarm 74is under the two pawls at 75. At the same time 
cam 76, Fig. 20, should be around so that the notch 77 is opposite pin 78. 


If itis necessary to adjust cam 71, loosen the set screw in collar 79 and 
adjustarm 80, Fig. 20, until arm 72 is opposite arm 73 so as to hold arm 
13 out. Then tighten the 
setscrewin collar 79 to fe) 
hold arm 80 in position. 


Ifit is necessary to 
adjust cam 76, use a 
screw driver or similar 
tool, and carefully push 
on the teeth of ratchet 
81 until slot 77 is op- 
posite pin 78. 


It may be observed 


that pin 72 is similar to | 

pin 78. However, these IS 
pins are installed dif- H 
ferently in that pin 72 is ; 


free to rotate while pin 
78 is securely fastened. 
Thisis done intentional- 
lyto give best operating 
conditions. 


DHL LET LLELLBUBETH ELE E TELE TET TTTTETET TTL RAR 


35. ADJUSTSELECTOR 
SWITCHIN PROPER 
RELATION TO : 
PRINT WHEEL Eis. cl 





Stop the recorder with point #1 showing at the indicator on the front 
ofthe print wheel. Thenturnthe metal cover 82, Fig. 21, over the selector 
switch and remove the cover. Note the position of the contacts nearest the 
edge of the switch (on the long arm). These contacts should be on the switch 
segments which are located at the figure 1 cut into the edge of the switch 
moulding. 


If this condition does not exist, loosen the clamping screw 83, Fig. 21, 
in the casting, a sufficient amount to permit the entire switch to be lowered 
enoughto disengage the gears at 84, Fig. 21. Turn the contacts manually 
until the outer contacts are located as indicated above. Then push the en- 
tire switch up so as to mesh the gears at 84, Fig. 21. 
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After the gears are meshed at 84, start the recorder and allow it to 
advance one point onthe switch. Then recheck the position of the contacts. 
If they are slightly out of position, turn the switch body a sufficient amount 
to bring the segments into the proper position. Then tighten the clamping 
screw 83, Fig. 21, and replace the metal cover over the switch. 





When the recorder is equipped with the roller type print wheel car- 
riage, make certain the carriage rolls easily over the guide rails. During 
this check observe that shaft 150, Fig. 26-B, does not come in contact with 
the sides of the oblong hole through the carriage. The only time shaft 150 
should touch the oblong hole is when the shaft initiates the advance of the 
print wheel to the next point. The print wheel should snap to each new 
print point with the result that the oblong hole will be free of the drive shaft 
during the measuring and printing cycle. If binding occurs, loosen the set 
screws in gear 144, Fig. 26-B, and rotate rod 150 a slight amount so as to 
clear the oblong hole in the print wheel carriage. Then tighten the set 
screws in gear 144 and carefully recheck the operation. 
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PART IV 








GENERAL FEATURES 
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a 222 





Fig, 11 
36. OPERATION OF CONTACT SETTING DEVICE 
The mechanism used to manually set the control or signal contacts 
at the desired point is shown in Figs. ll and 12. To set these contacts, 


| rotate dial 29, Fig. 11, (or the extension knob to this dial on the outside 
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of the recorder case when such an 93 
: : ; 172 
extension is used)in the proper Eis E E 
directiontomove the red indicator M a 
30, Fig. li, to the value on the CIO] 0 E 02 
scale for which the instrument is i4 Ee =» 


to control or the point from which 9g 
the signal lamps are to function. fla © N T 


Whendial 29 is rotated to set “5 2 Agl IOO 


the red indicator, it also rotates 
the gear train 33, 34, and 85, Figs. 
L L and 12. Through this gear train, 
gear 86, Fig. 12, is rotated. Disc G 
87, Fig. 12, is part of gear 86 and | 
of course rotates with gear 86. The 121 
contact block 88, Fig. 12, is fastened E mte g A 
to disc 87 and therefore the con- 92 
tacts which are mounted on this 95 cá 
block rotate with disc 87. 
Fig. 17-E 
In this way, when dial 29, Fig. 

ll,is rotated to set the red indicator at the desired value on the scale, the 
contacts are rotated to the proper position in respect to the discs 89 and 
90, Fig. 12. These discs are rotated by the recorder balancing motor 
which inturn is governed by the conditions in the measuring circuit. Thus, 
a Change inthe measuring circuit causes discs 89 and 90 to rotate and the 
discs in turn operate the contacts, as positioned by the setting device. 


The contacts are held in position by means of a friction clutch at 154, 
Fig. 12. The stationary part of this clutch is held by pin 153, Fig. 12. 


37. OPERATION OF AUTOMATIC CURRENT ADJUSTER 


The automatic currentadjuster mechanism is driven by worm 91, Fig. 
3,onthe main shaft. This worm 91, through worm gear 92, Fig. 3, oper- 
ates the mechanism located under cover 55, Fig. 3. A plan view of this 
complete mechanism is shown in Fig. 17-E with a view from the standard 
cell circuit rheostat end shown in Fig. 22. This same rheostat is also 
shown at 93, Fig. 23. The contacts which change the detector from the 
measuring circuit to the standard cell circuit are shown at 94, Fig. 3. 


The main shaft, through worm 91 and worm gear 92, Fig. 3, rotates 
shaft 95, Fig. 17-E. This shaft in turn rotates worm 96, Fig. 17-E, and 
the operating camunder point 97. Worm 96 rotates disc 52, Fig. 17-E, in 
a clockwise direction as viewed in Fig. 17-E. A rider, under point 98, Fig. 
17-E, is arranged to fit into slot 51, when disc 52 rotates to this position. 
A rider, under point 97, is arranged to operate on the cam under this same 
point. When the rider at 98 is centered over the slot 51, the cam at 97 is 
arranged to have the rider at this point drop to a low section on the cam. 
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This permits the rider at 
98 to drop into slot 51. 
This dropping operation 
is caused by the spring 
99, Fig. 17-E, attached 
to arm 100, Fig. 17-E. 





When arm 100 drops, 
it carries extension 101, 
Fig. 17-E, down and 
along with this extension, 
arm 102, Fig. I17-Ek. 
Arm 102 is attached to 
arm 103, Fig. 22; which 
in turn swings the unit 
containing the slidewire 
93 and disc 104, Fig. 22, 
over against the metal 
disc operated by the 
main slidewire shaft. At 
the same time, arm 102, 
Figs. 17-E and 22, oper- 
ates the contacts at 94, 
Fig. 3, to disconnect the 
thermocouple and con- 
nect the standard cell to 
the circuit. The equip- 
ment stays in this posi- Fig. 22 
tion for several revolu- 
tions of the main shaft. If the potentiometer circuit current is not balanced, 
the balancing motor will function to rotate the main slidewire shaft. This 
rotatesa metal disc which is in contact with disc 104, Fig. 22, and this 
discinturnrotates rheostat 93 in the direction indicated by arrow X, Fig. 
42, to balance this current. 














At the end of the operation period, the cam at 91, Fig. 17- E, raises 
arm 100, Fig. 17-E. This permits the disc and rheostat unit to swing 
back into the normal position and at the same time arm 102, Fig. 17-E, 
moves up and allows the contacts 94, Fig. 3, to transfer the circuit con- 
nections from the standard cell to the thermocouple. In the meantime, 
disc 52, Fig. 17-E, has rotated far enough to be under the rider at 98, 
Fig.17-E, which holds arm 100 up until the next period for adjusting the 
current. 








As rheostat 93, Figs. 22 and 23, is rotated to adjust the current in the 
potentiometer circuit, itcarries pin 107, Fig. 23, in a clockwise direction 
towardarm 108, Fig. 23. As pin 107 raises arm 108 this arm rotates arm 
109, Fig. 23, which in turn operates the red Signal to show at the opening 
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inthe indicator 
211, Fig. 1. 


Knob 28, Fig. 
23, through an ex- 
tension, operates 
on arm 102, Fig. 
22, so as to move 
arm 102 down and 
thus adjust the 
current at any 
time while the re- 
corder is operat- 
ing. 


38. OPERATION 
OF DOT-DASH 
MECHANISM 











The two point 
dot-dash operat- 
ing mechanism is 
shown in Fig. 24. 
The worm 110, 
Fig. 24, is on the 
main shaft and 
drives the dot- 
dash operating 
mechanism. Cam 
115 and sprocket 
wheel 122 are also 
driven directly by 
the main shaft. 
Worm 110 drives 
worm gear lll, Fig. 23 
which in turn ro- 
tates the shaft 127 to which cam 112 is fastened. Rider 113 bears on the 
face of cam 112 and rider 114 bears on the high surface of cam 
115. Both riders 113 and 114 are fastened in arm 119 which is part 
of arm 117 and is pivoted at point 118. Spring 116 pulls against arm 117 
soastokeeprider 113 pressed against the face of cam 112. Cam 112 has 
two or four notches cut in its edge. In the case of two notches, they are 
180 degrees apart and in the case of four, they are 90 degrees apart. Two 
alternate notches are cut deeper toward the center of the cam than the other 
two alternate notches. 





Cams ll2andll5aretimedso that rider 113 is centered over a notch 
in cam 112 just before the low sectionon cam 115 reaches rider 114. Then, 
as rider 114 goes into the low section of cam 115, rider 113 drops into a 
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notch on cam 112. Spring 
116 then pulls arm 117 
back (about point 118 as 
a pivot). This action 
pulls arm 120 which in 











turn rocks shaft 121 to 116 

which the pen carriage - 

is attached. This action ded 
ji 


of shaft 121 moves the 
pen down on the chart 
and makes a dot, when 
rider 113 is in a shallow 
notch or a dash, when 
rider 113 and pin in line 
with it, are in a full cut 
notch. 
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As cam 115 con- 
tinues to rotate, the high 
section pushes out on 
rider 114. This action 
raises rider 113 out of 
the notch in cam 112 and 
moves arm 117 back to 
the normal position 
against the pull of spring 
116. This latter action 
also lifts the pen from 
the chart. 
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The change from 
point one to point two in 
the measuring circuit is 
accomplished as follows: 
Sprocket 122 drives Fig. 24 
sprocket 123 through a 
chain. Sprocket 123 is onthe same shaft with worm 124 which in turn drives 
worm gear 125. Gear 125 drives shaft 128 to which is attached the neces- 
sary cams to operate a contact system at 126 so as to automatically con- 
nect first one point and then the other into the measuring circuit. 


39. OPERATION OF MULTIPLE POINT MECHANISM 


The multiple point mechanism is shown in Figs. 25, 26-A, and 26-B. 
Fig. 26-A applies to recorders provided with the sliding type print wheel 
carriage and Fig. 26-B applies to recorders provided with the roller type 
print wheelcarriage. Since the latter twofigures are essentially the same, 
reference will be made to Fig. 26-B throughout the following description 
of operation except where reference to Fig. 26-A is necessary to clarify 
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a point of difference in 75 74 8l 
the two upper structure ime 
arrangements. The 
mechanism is driven by 
the main shaft through 
the eccentric 129, Fig. 
25, and the arm 130, 
Fig. 25. The upper end 
of arm 130 is attached 
to the rocker housing 
131, Fig. 25, to wei cn 
is attached the cam 76 
and the three pawls 
located in a line at 75, 
Fig. 25. The pawl 75, 
shown in Fig. 25, op- 
erates separately on 
ratchet 81, Figs. 25 and 
26-B. The other two 
pawls operate together, 
one on cam 1352, Fig, 
26-B, and the other on 


ratchet 134, Fig. 26-B. ©] 
Each pawl is moved the T 
equivalent of one tooth EL asa i 
ofratchet 81 for each 

revolution of the eccen- 

tric 129, Fig. 25. Inother Fig. 25 

words, ratchet 81 is ro- 

tatedthe distance of one 

tooth for each down stroke of arm 130, Fig. 25. Cams 132 and 76, Fig. 
26-B, are attached to the same collar with ratchet 81 and are, therefore, 
rotated the same distance as ratchet 81 for each stroke of arm 130. 
Ratchet 134is rotated only when a slot in cam 132 is under its pawl which 
permits the pawl of ratchet 134 to drop into place and rotate ratchet 134. 
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Spring 138, Fig.25, pulls down on arm 137, which pivots at point 148, 
to keep pin 78 pressed against cam 76. Spring 147, Fig. 25, pulls down 
to keep pin 139 pressed against arm 137. 


Ratchet 81 normally has 24 teeth, thus it makes a complete revolution 
for every 24 revolutions of the main cam shaft. During each revolution of 
ratchet 81 a slot 77, Fig. 25, of cam 76 is opposite pin 78, Fig. 25. When 
pin 78 drops into slot 77, spring 138 pulls arm 137, Fig. 25, down, thus al- 
lowing spring 147 to pull pin 139, Fig. 25, down. This action rotates collar 
140, Figs. 25 and 26-B,a slight amount in a clockwise direction (viewed as 
in Fig. 25) and in turn shaft 141, Figs. 25 and 26-B. Forked arms 303, 
Fig. 26- B, attached to shaft 141, then raise levers 304 which in turn raise 

® shaft 305. When shaft 305 is raised, as above, it rocks the print wheel 
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Fig. 26-B 


carriage 148, Fig. 26-B, so as to move the print wheel down on the chart 
and print. (Instruments provided with the sliding type print wheel carriage 
are arrangedas shown in Fig. 26-A and do not use forked arms to actuate 
the printing mechanism. On such instruments rotation of shaft 141, Fig. 
26-A, rocks the print wheel carriage 148, Fig. 26-A, so as to move the 
print wheel down on the chart and print.) On the next stroke of arm 130, 
Fig. 25, cam 76 operates against pin 136, Fig. 25. This action pushes 
pin 78 out of slot 77 and moves arm 137 up to the normal position which 


in turn restores pin 139 and, through shaft 141, the print wheel carriage 
to the normal position. 
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Fig. 27 


d 1 L Just before slot 77 reaches pin 78, the hump 149, Fig. 25, on cam 76, 

| | reaches pin 78. This action pushes down on pin 78, which in turn pushes 
arm 137 up and hence pin 139 up. This action rotates shaft 141 a slight 
amountina counterclockwise direction (viewed as in Fig. 25) and through 
forked arms 303, levers 304 and shaft 305, Fig. 26-B, rocks the print 
wheel carriage up against the ink pad so as to ink the character which is 
inthe up position. Oninstruments arrangedas inFig.26-A, counterclock- 
wise rotation of shaft 141 rocks the print wheel carriage up against the 
ink pad so as to ink the character which is in the up position. 


After pin 78 has been pushed out of slot 77 of cam 76, a notch in 
ratchet 132, Fig. 26-B, is under its pawl which drops in place. This 
action allows the pawl over ratchet 134, Fig. 26-B, todrop onto this ratchet. 
T hus, as arm 130 moves down, ratchet 134 is rotated. This ratchet is at- 
tached to shaft 142, Fig. 26-B, and rotates this shaft. This action rotates 
the bevel gears at 84, Fig. 26-B, which in turn rotate the selector switch 
to the next point. At the same time, shaft 142 rotates gear 53, Fig. 26-B, 
which rotates the idler gear 143 and gear 144, Fig. 26-B. Gear 144 is 
fastened to shaft 150, Fig. 26-B, which in turn rotates the spiral gears at 
145 to move the print wheel to the next point. If the recorder is a multi- 
color instrument, this last movement also rotates spiral gear 146 to move 
the pad wheel to the next point. 


| The function of cam 71, Fig. 25, is to prevent the mechanism from 
6 T printing and from advancing the selector switch and print wheel when the 
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automatic current adjuster is inthe operating position. When the automatic 
current adjuster is inthe operating position, arm 70, Fig. 25, moves down 
and, through the linkage, cam 71, Fig. 25, rotates so that arm 74 prevents 
the pawls over ratchets 132 and 134, Fig. 26-B, from dropping and arm 72, 
Fig. 25,is opposite arm 73, Fig. 25,and prevents pin 78 from dropping into 
slot 77. When the current adjuster is returned to the normal position, 
cam 71, Fig. 25, is restored to the normal position. The next time that 
slot 77 reaches pin 78 the point which was delayed will be printed and the 
mechanism willthen be advanced to the next point in the manner described 
above. 


40. ADJUSTMENT OF CONTROL DISCS AND CONTAC TS (EXPOSED 


TYPE) 


In order to remove the entire control disc assembly,first, remove 
the main slidewire as indicated in Section 30, and loosen set screws 151, 
Fig. 12. Then slip sleeve 155, Fig. 12, from the shaftalong with discs 89 
and 90, the spacers between the discs and also knurled nut 154, as a unit. 
In removing this assembly, be careful not to damage the contacts or flippers 
and note which set screw was in the spot in the shaft. In replacingthe 
unit, be sure and spot the same set screw. 


Torotate one disc in respect to the other, loosen screw 156, Fig. 12, 
aslight amount. Then rotate each disc the desired amount on either side 
of the control point and tighten screw 156 to hold the discs together. 


41. ADJUSTMENT OF CONTROL DISCS AND CONTACTS (ENCLOSED 


TYPE) | 


A standard arrangement of an enclosed type contact is shown in Fig. 
27-A. Switch-over action should occur when the control flipper is mid- 
way on the slope of the notch 5 in the control disc and the red and black 
indicators are set as described in Section 15. 


To position disc 6, Fig. 27-A,to obtain this condition, loosen nut 4 
and rotate the disc. To have switching action occur when the roller is 
midway on the slope of the notch, adjust screw 3. When properly adjusted, 
discernible overtravelbefore the roller engages the normal circumference 
of the disc or the bottom of the notch, should be apparent after switch ac- 
tion. Atthe bottom of the notch the roller should be just touching or have 
a maximum clearance of 1/32inch. Do not make any adjustments by bend- 
ing the contact actuating arm. Additional adjustment may be obtained by 
making use of the play in the contact assembly mounting holes. | 


42. GENERAL DESCRIPTION OF MEASURING CIRCUIT 
A. Potentiometer Type 


The measuring circuit of this type recorder is fundamentally a poten- 
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tiometer, witha filtering 
and damping circuit and 
amplifier interposed be- 
tween the thermocouple 
and the measuring cir- 
cuit. The d-c off-bal- 
ance between the ther- 
mocouple and the meas- 
uring circuit is passed 
througha filter to elimi- 
nate any a-c pick-up in 
the thermocouple leads 
(which do not have to be 
twisted, shielded or 
grounded) and is fed 
through a synchronous Fig. 27-A 

vibrator type converter | 

and input transformer. The output of this transformer is applied to the 
grid of the first tube in the amplifier in the form of an a-c signal. This 
signalis then passed through three stages of amplification to a power tube 
which in turn controls a 2-phase motor that drives the measuring circuit 
slidewire. One phase of this motor is connected across the line and the 
second phase, or the control winding, is energized by the amplifier. The 
phase relationship between the two windings 
of this motor is such that the motor will run 
in either direction, depending uponthe polarity 
of the off-balance d-c between the thermo- 
couple and the measuring circuit. To prevent 
overshootor coasting of the motor, the same 
network whichis used as a filtering means is 
used as a damping means. The basic con- 
nections of this type circuitare shown in Fig. 
28. 





The battery BA supplies a continuously 
flowing current to the potentiometer circuit, 
the current being maintained practically con- 
stant by adjustment of the rheostat R. As the 
voltage of the battery BA changes, the current 
in the potentiometer circuit will also change. 
To compensate for this change a portion of 
the battery voltage is compared, at intervals, 
with the constant voltage of the standard cell 
SC and the rheostat R is adjusted until the 
proper currentis flowing in the potentiometer Fig. 28 
circuit. This is accomplished by completing 
the circuit at the point F. If the voltage across coil C is not equal to the 
voltage of the standard cell, the balancing motor will adjust rheostatR until 
a balance is obtained. The two voltages will then be equal and opposite, 





THERMOCOUPLE 
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and the proper current will be flowing in 
the potentiometer circuit. 


The unknown electromotive force is 
measured by completing the circuit at E 
and moving the contact S along the slide- 
wire MN until the balancing motor does not 
operate (balanced). Then the electromotive 
force of the potentiometer across PS is 
equal and opposite to the electromotive 
force being measured. 


Automatic compensation for the ref- 
erence junction temperature of the ther- 
mocouple is obtained with the coil D, which 
is located at the reference junction. The 
resistance of this coil varies with the ref- 
erence junction temperature. This causes 
the electromotive force of the potenti- 
ometer across PS to automatically vary 
and exactly compensate for any change in 
the electromotive force of the thermo- 
couple due to a change in the reference 
junction temperature. 





THERMOHM 

















The rheostat R is operated automati- Fig. 29 
cally or semi-automatically and the con- 
nections at E and F are made automatically or semi-automatically. 


Atypicalmeasuring circuit diagram is shown in Fig. 30. A separate 
wiring diagram is furnished with each recorder showing the exact con- 
nectionsforeachspecificinstallation. This latter diagram should be used 
for checking a given installation. 


The connections shown in Figs. 28 and 30 are for a single-point curve 
drawing recorder. The essential difference between the curve drawing 
and multiple point recorder is the addition of a selector switch in the ther- 
mocouple circuit to select one couple at a time for recording. 


Atypical measuring circuit for a dot-dash recorder is shown in Fig. 
31 while that for a multiple-point recorder is shown in Fig. 32. 


B. Resistance Measuring Type 


The measuring circuit of this type of recorder is fundamentally a 
Wheatstone bridge with a filtering and damping circuit as part of the am- 
plifier detector. The d-c off-balance of the bridge is passed through the 
filter to eliminate any a-c pick-up in the Thermohm leads and is fed through 
a synchronous vibrator type converter and an input transformer. The out- 
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put of this transformer is applied to the grid of the first tube in the a-c 
amplifier inthe form of an a-c signal. This signal is then passed through 
three stages of amplification to a power tube which in turn controls a 2- 
phase motor that drives the measuring circuit slidewire. One phase of 
this motor is connected across the line and the second phase or the con- 
trol winding, is energized by the amplifier. The phase relationship be- 
tweenthe two windings is such that the motor will run in either direction, 
depending upon the polarity of the off-balance d-c of the bridge. To pre- 
vent overshoot or coasting of the motor, the same network which is used 
as a filtering means is used as a damping means. The basic connections 
of this type circuit are shown in Fig. 29. 


The slidewires S and 5] are mounted on the same shaft, and therefore, 
rotate together. The resistances of these slidewires are so proportioned 
and the contacts V and V] so arranged, however, that no matter what posi- 
tionthe contacts V and V] assume on the slidewires, the resistance of the 
arm VV] is always equal to the resistance of the arm Vj Aj. The bridge, 
therefore,is broughtto balance by moving contact V along slidewire S un- 
tilthe resistance of arm VRC is equalto the resistance of T (the Thermohm). 
With this circuit arrangement, the resistance of the leads from R to T 
and from A, to T has no effect on the reading, providing these leads are 
of equal resistance. 


Note should be made of the fact that the sliding contacts V and V, are 
not directly in the measuring circuit, but are in the amplifier detector 
and battery circuits, where variation in resistance will have no effect on 
the accuracy of the reading. 


The slidewires S and S] are operated by the balancing motor, while 
the direction and magnitude of the rotation of the slidewire is governed 
by the polarity of the off-balance d-c of the bridge. 


A separate wiring diagram is furnished with each recorde: showing 
the exact connections for each specific installation. This diagram should 
be used for checking a given installation. 





43. WIRE COLOR CODING 


The internal wiring of standard potentiometer type recorders is 
made with color coded wire to assist in identifying the connections. These 
recorders may be single point (continuous curve drawing), two point (dot 
curve and dash curve drawing) or multiple-point (number curve printing). 
This coding is shown by letter in the separate diagram for each recorder 
with the letters signifying the colors as follows: BK-black, W-white, R-red, 
G-green, S-slate, BU-blue, Y-vellow. 


Thediagrams in Fig. 33 are included to show typical connections for 
thermostatic relays for the two conditions indicated. 
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GENERAL WIRING CONNECTIONS FoR 
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